Optical coherence tomography assessment of vessel wall degradation in thoracic aortic aneurysms by Real Peña, Eusebio et al.
Optical coherence tomography
assessment of vessel wall degradation










Downloaded From: http://biomedicaloptics.spiedigitallibrary.org/ on 01/07/2014 Terms of Use: http://spiedl.org/terms
Optical coherence tomography assessment of vessel wall
degradation in thoracic aortic aneurysms
Eusebio Real,a Alma Eguizabal,a Alejandro Pontón,b Marta Calvo Díez,b José Fernando Val-Bernal,c Marta Mayorga,c
José M. Revuelta,b José M. López-Higuera,a and Olga M. Condea
aUniversity of Cantabria, Dep. TEISA, Photonics Engineering Group, Avda. Los Castros S/N, 39005 Santander, Spain
bUniversity of Cantabria and IFIMAV, Cardiovascular Surgery Department, Marqués de Valdecilla University Hospital, Medical Faculty, Avda.
Cardenal Herrera Oria S/N 39011, Santander, Spain
cUniversity of Cantabria and IFIMAV, Anatomical Pathology Department, Marqués de Valdecilla University Hospital, Medical Faculty, Avda. Cardenal
Herrera Oria S/N 39011, Santander, Spain
Abstract. Optical coherence tomography images of human thoracic aorta from aneurysms reveal elastin disorders
and smooth muscle cell alterations when visualizing the media layer of the aortic wall. These disorders can be
employed as indicators for wall degradation and, therefore, become a hallmark for diagnosis of risk of aneurysm
under intraoperative conditions. Two approaches are followed to evaluate this risk: the analysis of the reflectivity
decay along the penetration depth and the textural analysis of a two-dimensional spatial distribution of the aortic
wall backscattering. Both techniques require preprocessing stages for the identification of the air–sample interface
and for the segmentation of the media layer. Results show that the alterations in the media layer of the aortic wall are
better highlighted when the textural approach is considered and also agree with a semiquantitative histopatholog-
ical grading that assesses the degree of wall degradation. The correlation of the co-occurrence matrix attains
a sensitivity of 0.906 and specificity of 0.864 when aneurysm automatic diagnosis is evaluated with a receiver
operating characteristic curve. © The Authors. Published by SPIE under a Creative Commons Attribution 3.0 Unported License. Distribution
or reproduction of this work in whole or in part requires full attribution of the original publication, including its DOI. [DOI: 10.1117/1.JBO.18.12.126003]
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1 Introduction
An aortic aneurysm is a cardiovascular disease that causes the
dilation of the aorta diameter.1 This pathological growth gener-
ally induces an underlying weakness in the vessel wall, and the
main concern is to minimize the risk of rupture of the vessel.
Although difficult, some authors2 have evaluated the five-year
risk of rupture of an ascending thoracic aneurysm as 16% for
aneurysms with diameters between 4 and 5.9 cm and 31%
for aneurysms >6 cm. The rupture of an aneurysm carries
a risk of death up to 90%.2 The diameter of the aorta is conven-
tionally measured with noninvasive imaging modalities includ-
ing ultrasound and computed tomography. When the rate of
diameter growth exceeds a specific threshold, treatment based
on open surgery or endovascular repair is performed. Open sur-
gery is more common and it involves exposure of the dilated
portion of the aorta, with no presence of blood, and insertion
of a synthetic graft that helps to prevent an aneurysm from burst-
ing.3 Accurate graft placement is required under intraoperative
conditions. Cardiovascular surgeons face certain challenges in
open surgery: to prevent postoperative pseudoaneurysm forma-
tion if the graft is sutured close to a degraded aortic wall and to
be able to evaluate the quality of the aortic arch to extend the
graft placement if necessary. Moreover, a trade off must be
accomplished between the ratio of excised aorta and the safety
of the graft placement. Degradation of the connective tissue of
the aortic wall has been shown to be a hallmark of aneurysm
formation.4 Collagen and elastin are the two major connective
tissues found in the aorta wall. Histologically, elastin fragmen-
tation and degeneration are observed in the aneurysm wall.5
Increased turnover and loss of types I and III fibrillar collagens,
as well as excessive elastolysis caused by increased collagenase,
elastase, and especially matrix metalloproteinase expression,
probably underlie aortic dilation and rupture. The major
forms of collagen found in the aorta are type I and III
(Ref. 6) whose expression is found to be increased in aneurys-
mal tissue.7 The increased expression of collagen is localized to
adventitial fibroblasts, medial smooth muscle cells (SMC), and
transformed myofibroblasts found within areas of local inflam-
mation and atherosclerosis.8 Elastin, the scaffold of the medial
lamellae, is found in a reduced concentration as well as in a frag-
mented organization within tissues of diseased aorta.9 So, it
appears to be a positive relationship between the severity of
the aortic wall abnormalities and the risk of aneurysm rupture.
On the other hand, there is a need of providing real-time assess-
ment of the state of the aortic wall in the operating room where
conventional histopathological techniques are not applicable.
Optical coherence tomography (OCT) becomes a natural
candidate for imaging structures just under the tissue surface.
Interest moves here from the study of the narrowing of the
arterial lumen, i.e., in case of atherosclerosis,10,11 toward the
analysis of the tissue microstructure under the luminal surface.
The actual axial resolution of OCT allows for the study of mor-
phological details within the arterial wall not yet resolved by
the conventional ultrasound techniques currently used for vas-
cular monitoring. Disorders in the elastin and collagen of an
aneurysmal wall lead to a directional anisotropy of the optical
properties of the media layer of the aorta vessel, which is
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revealed in an uneven attenuation of the OCT signal. Few stud-
ies have been found dealing with the OCT characterization of
the aortic wall,12–16 most of them related to animal samples and
few to human aortas.14 This work proposes the OCT imaging,
under in vitro conditions, of the wall of human aorta from
aneurysms to find evidences of abnormalities in its structure.
OCT measurements become contrasted with the histopatholog-
ical gold standard provided by a pathologist. Healthy control
and ascending thoracic aneurysmal aortas are surgically excised
and measured at the laboratory. The goal is to find an automatic
and real-time technique that is able to differentiate between
healthy and aneurysmal aorta wall specimens, providing diag-
nosis on wall degradation. The study has been focused on the
media layer of the aortic wall that should be properly delimited.
Two techniques have been explored and compared: the numeri-
cal fitting of the decay of tissue backscattering along the vessel
thickness and the textural analysis of the spatial distribution of
tissue reflectivity. Both approaches are conventionally used in
the analysis of OCT images. Backscattering fitting has been
applied to characterize absorption and scattering properties in
cardiovascular vessel tissues.17–19 It has been previously used
for artery walls identification16 and to detect changes in tissue,
such as hemoglobin oxygenation levels.20 Although it provides
interesting physical magnitudes, some drawbacks are present:
regions of interest must be defined on the intensity profile
for accurate results; the fitting procedure is time consuming
and it does not consider the information about the spatial dis-
tribution of the optical properties. On the other hand, textural
analysis has been used for image classification21 and, specifi-
cally in OCT applications, it has been used to provide informa-
tion on the spatial distribution of atherosclerosis plaques22 or for
the detection of gastrointestinal tumor tissue.23 Once the textural
analysis becomes designed, results can be quickly obtained
because optimization procedures based on parallelization are
feasible. In the present work, disorders on the aortic wall struc-
ture become highlighted when the textural approach is
implemented.
2 Materials and Methods
2.1 Fresh Aorta Specimens
In this prospective study, approved by the Comité de Ética en
Investigación Clínica de Cantabria, human aneurysmal speci-
mens from ascending thoracic aorta were collected during
cardiovascular surgery (Bentall, Wheat) of aorta replacement,
isolated into a phosphate buffered saline (PBS) and refrigerated
until the OCT measurement was performed. Each aorta sample
was divided into different regions of interest (ROIs) of average
size 2.5 × 10 mm. Different orientations were considered for
each ROI: along and across the direction of blood flow.
Fiducial markers with India ink delimit the area of each ROI
to facilitate coregistration with the histopathological examina-
tion. During the image acquisition procedure, tissue was contin-
uously rehydrated with PBS. After the OCT measurement,
the examined tissue was placed in 10% buffered formalin
solution for the histopathological analysis. Four different histo-
logical stains were analyzed: hematoxylin and eosin (H&E),
Verhoeff’s Van Gieson (EVG) to check the atrophy of elastic
tissue and the thinning and loss of elastic fibers, Alcian Blue
(AB) at pH 2.5 to determine acidic polysaccharides, and some
types of mucopolysaccharides, and Alpha-smooth muscle actin
(α-SMA) used as a marker of vascular SMC. Healthy ascending
thoracic aortas, i.e., control specimens, come from donors for
heart transplantations. Donors were selected following standard
cardiac donation criteria. Patients with previous cardiac history
or other heart diseases were excluded, gender was not an exclu-
sion criterion and donors older than 55 years of age were
excluded. In this study, 36 ROIs from 14 patients have been
analyzed: 28 ROIs are extracted from ascending thoracic
aorta with aneurysm (average diameter 55 mm; max. 70 mm;
min. 46 mm) and 8 from controls with average diameters of
40 mm. As histopathological diagnosis becomes the gold stan-
dard for the OCT image interpretation, all samples were stained
with H&E, EVG, AB, and α-SMA stains. Two experienced
pathologists, blinded to the clinical data, graded the aortic spec-
imens. A semiquantitative grading scheme that accounts for
fibrosis, medionecrosis, cystic medial change, SMC orientation,
and elastic fiber fragmentation24 was applied. Each indicator
was graded from 0 (no change) to 3 (most severe change).
The aortic wall score for each individual patient (from 0 to 15)
arises from the sum of the results of all variables. The global
aortic wall score in control specimens varies from 0 to 1
[Figs. 1(a), 1(b), and 1(c)], whereas in aneurysmal samples,
it reaches scores of 12. High scores are due to changes in
the SMC orientation [Fig. 1(d)], focal fragmentation of elastic
lamellae in the media [Fig. 1(e)], and mucoid material accumu-
lation [Fig. 1(f)].
2.2 Swept-Source Optical Coherence Tomography
System
Aortic wall reflectivity measurements are obtained with the
OCT system Thorlabs OCS1300SS, Newton, New Jersey. It
is based on a swept source with a center wavelength of 1325 nm
and a spectral bandwidth at half maximum of 100 nm. The sys-
tem provides a resolution in air of 12 μm axial and 25 μm trans-
verse, giving a maximum penetration in air conditions of 3 and
10 mm width. The sampling resolution is 512 × 1024 pixels
(axial × transverse) and 8 bits for intensity levels digitalization,
with a sensitivity of 100 dB.
The point spread function (PSF) of the OCT system, hðdÞ,
has been measured using a mirror as a reference. By changing
the relative position of the focusing lens in relation with the mir-
ror, differences in intensity level are obtained.25 These variations
depend on the shift of the mirror surface from the lens focal










where d is the distance shift from the mirror surface to the lens
focal point and ZR represents the apparent Rayleigh length of
the focusing lens. This parameter depends on the spot radius
at the focal point, ω0, as described in Eq. (2).
ZR ¼ α
π · n · ω20
λ
; (2)
where n is the index of refraction of the tissue and the factor α is
introduced to distinguish specular reflection (α ¼ 1) in the case
of the mirror from diffuse reflection (α ¼ 2) in the case of
arterial tissue.26 By fitting the OCT signal levels, proportional
to the electric field, to the model on Eq. (1), an apparent
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Rayleigh length of 505 μm and a spot radius of 29 μm were
measured. As these values were obtained from the OCT signal,
it also includes the system fall-off response within sample
penetration.
Aorta anatomy consists of three different layers: intima,
media, and adventitia. B-scan images were acquired by focusing
the probe on the surface of the intima layer and applying
a temporal average of four acquisitions per B-scan. Figure 2
shows a comparison between OCT images and H&E
histological stains of a control specimen (upper row) and an
aneurysmal tissue (lower row). As hypothesized, OCT measure-
ments show subsurface disorders appearing in the media layer of
an aneurysmal vessel. The aortic wall score of the control speci-
men is 1 [Fig. 2(b)], where minute foci of mucoidal material
(cyst) were present within a single lamellar unit. This minimum
cystic change has no evidence on the OCT backscattered signal
[Fig. 2(a)]. However, the aneurysmal specimen exhibits an aortic
wall score of 9 [Fig. 2(d)] motivated by severe abnormalities due
Fig. 1 Histological stains for control [(a), (b), (c)] and aneurysmal specimens [(d), (e), (f)].
Fig. 2 Comparison of optical coherence tomography (OCT) images [(a) and (c)] and H&E histological stains [(b) and (d)] of a control specimen (upper
row) and an aneurysmal tissue (lower row). Abnormalities on the media layer of the aneurysmal specimen (d) are also observed in the OCT image (c).
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to alterations in the orientation of the SMC and the appearance
of a large cyst in an area with fragmented elastin fibers. These
media abnormalities also become displayed on the OCT image
[Fig. 2(c)] with regions where the backscattered signal decreases
significantly.
2.3 OCT Image Preprocessing
OCT analysis is focused on the media layer of the aortic wall
whose location needs to be tracked within the raw OCT images.
To this end, the region of air above the aorta intima needs to be
removed. In addition, images are also affected by noise, meas-
urement artifacts, surface pools of saline buffer, and surface mis-
alignments. OCT images are then conditioned for an automatic
analysis on one dimension, along the tissue depth, or on two
dimensions taking advance of the transverse and depth reflec-
tivity information. Figure 3 represents the scheme of the prepro-
cessing stage that provides, as outcome, the border that delimits
the air–sample interface taking into account the mentioned
effects. First of all, an area over the surface, known to be air,
is selected. This preliminary region is used to establish the
threshold for artifacts detection. The artifacts detection thresh-
old is calculated as Q3-k·IQR,23,27 with Q3 being the upper
quartile and IQR the interquartile range of this region of air,
while k is a constant value set to 1.5. Detected artifacts are
then interpolated with neighboring pixels to provide more
accurate air–sample interface detection. In the next stage,
the standard deviation, σ, and the mean value, m, of every
A-scan of the image is computed. The threshold for air–sample
interface is then established as mþ 2σ. Once the air–sample
interface becomes identified, a soft spatial smoothing filter
is applied to the border to correct for the small imperfections
due to intensity noise. This process is repeated independently
for every image because it only depends on the statistical
reflectivity distribution of the image and thus, it can be fully
automatized.
2.4 A-Scan Analysis: Coefficient Extraction
Images from OCT are combinations of different backscatter-
ing lines (A-scans), one for each transverse scanning along
a B-scan, as shown in Fig. 4. Each A-scan can be analyzed
individually by performing a one-dimensional (1-D) characteri-
zation. To this end, the amplitude of the OCT signal reflectivity
decay along the depth is fitted against an exponential law.
As the wall structure of healthy and aneurysmal vessel differs,
so does the reflectivity. Therefore, the changes in the decay
law for both clinical cases could become diagnosis hallmarks
for the risk of aneurysm.
Under healthy conditions, the structure of each of the three
different layers of the aortic vessel could be considered homog-
enous. The maximum imaging depth of the OCT system allows
one to obtain information only about the first two layers (intima
and media), but it is enough for characterization purposes. As
stated, the media layer reflects the most interesting histological
features for the evaluation of the risk of aneurysm. After the
preliminary air–intima interface detection, the border between
intima and media layers should be identified to filter the intima
contribution to the A-scan and to avoid its interference in the
fitting process. The intima layer of the aorta is mainly composed
of endothelial cells and subendothelial connective tissue.
Histological measurements reveal that the medium thickness
of the intima of healthy specimens is ∼50 μm, whereas the
thickness of aneurysmal intima is ∼60 μm. Taking an
Fig. 3 Image preprocessing basic scheme for air-sample detection.
Fig. 4 OCT measurement of the aortic wall.
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approximate refraction index for the aortic intima layer of
1.35,19 this implies a thickness between 12 and 15 pixels on
each A-scan from the air–intima interface. A safety thickness
of 20 pixels has been selected for the segmentation of the intima.
Moreover, to account for the sensitivity loss due to the roll-off
effect, the fitting range has been limited to 150 pixels beyond the
intima–media interface.
After isolating the media layer, the backscattering signal is
fitted against an exponential model to extract synthetic coeffi-
cients of characterization. The exponential decay has been
chosen to be consistent with the expected evolution of the opti-
cal backscattering signal IðzÞ along the penetration depth
following the Beer-Lambert law.19 Here, IðzÞ is proportional
to the electric field of backscattered light returning from the
sample. The PSF effect on the curve decay has been included.25
This modeling is shown in Eq. (3), where z is the optical depth
measured from the surface of the intima layer, μt collects the
deviation on attenuation (mm−1), and A is proportional to back-
scattering amplitude.







where ∝ means proportional to. An offset or independent term
has been added to compensate for background differences
among samples.28 Pixel values of the B-scan have been con-
verted into metric values in μm considering a refractive index
of the aorta media layer of 1.38.19 This way, results of the fitting
parameters of control and aneurysm specimens can be com-
pared, concluding if they are relevant for automatic character-
izations and classification of the risk of aneurysm.
2.5 Texture Analysis: Two-Dimensional
Morphological Structure
Although OCT images are generated on individual backscatter-
ing profiles, interesting features often occur between adjacent
A-scans. The inherent structural and morphological information
that appears along the traverse direction is not accounted in the
1-D analysis described earlier. In fact, after visual inspection
of B-scans, differences of granularity, holes, or pixel distribution
can be observed between control and aneurysm specimens.
A two-dimensional (2-D) texture analysis is then proposed
on a localized window where only the media layer is present.
Image texture can be defined as the spatial variation in pixel
intensities, in this case, the OCT signal amplitude, and it can
identify a morphological tendency in the image. Co-occurrence
analysis has been the strategy selected because it is a well-
validated technique on image analysis.21 This strategy requires
the preliminary computation of the so-called co-occurrence
matrix, which represents a 2-D histogram to evaluate the
image properties related to second-order statistics of gray values
along the texture. Different orientations θ and distances d of
occurrence, as well as diverse sizes of the window of analysis,
can be evaluated. Figure 5 represents a scheme to guide the
computation of the co-occurrence matrix. The central pixel k
is separated from pixel l with the parameters described in
Eq. (4). The process consists of checking the repetition of
this pattern along and across the whole image, and collecting
the results in a 2-D matrix as a histogram. This matrix with
checking results is known as the gray-level co-occurrence matrix
(GLCM).21
Cðk; l; ; d;φÞ ¼
XX
∂½k − gði; jÞ∂½l
− gðiþ d cos φ; jþ d sin φÞ: (4)
Once the GLCM is computed and normalized by dividing
all its elements by the total number of pairs considered, the
joint probability density can be obtained. Several metrics can
then be derived from it: energy, correlation, entropy, homo-
geneity, etc.21
2.6 Validation of the Diagnosis Performance
In order to validate the goodness of the detection of risk of
aneurysm on OCT images of both 1-D fitting and 2-D textural
analysis, different statistical representations have been used. The
criterion on evaluation has always been whether the sample in
analysis comes from a healthy control or from an aneurysm.
First, box plot representations have been used to visually
evaluate whether a feature has direct classification power.
If one does, different levels of a classification threshold are
evaluated and the receiver operating characteristic (ROC) is
then computed.29 The area under the ROC curve (AUC) will
be considered as a figure of merit to evaluate the accuracy
of a feature for classification. If the area under the ROC
is >70%, it will be considered as appropriate to diagnose aneu-
rysmal conditions.
3 Results and Discussion
The risk of aneurysm is evaluated on aorta arteries based on
OCT measurements. Two analyses have been proposed and
compared: 1-D fitting of the reflectivity profile and 2-D texture
evaluation. Results are divided following both approaches.
3.1 1-D Backscattering Fitting
The model fitting of the backscattering is applied over each
A-scan portion of the media layer to isolate its reflectance
behavior. Figure 6 displays an A-scan of the media layer of
a healthy aorta when compared with an A-scan from an aneu-
rysm. As expected, the homogeneous structure of a healthy wall
is represented by a smoother A-scan, whereas the disordered
aneurysmal aorta displays an uneven decay. The fitting approach
performs better, according to the Pearson’s correlation coeffi-
cient (R2), on the healthy aortic wall reaching a value of
0.98 of correlation. Figure 7 displays one of the fittings for a
control sample where the range is limited to 150 pixels beyond
the intima–media interface. The values obtained for the
Fig. 5 Representation of co-occurrence matrix computing: k,l pixel
elements for co-occurrence computing; d, distance between pixel
elements; and θ, angle between pixel elements.
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attenuation coefficient of healthy aorta vary from 17.6 to
24.4 mm−1 (25th to 75th percentile), as can be observed in
Fig. 8. As measurements are done in reflection and since it
is a tissue with a high scattering media, μt values will be
near μs; hence these values can be compared with the values
obtained by other authors of 17.8 and 23.3 mm−1.30
Box plots of the resulting parameters of the exponential
fitting displayed on Fig. 8 show that the absorption-related
parameter μt might suggest a higher classification ability when
compared with the scattering-based one A, although this is not
very conclusive. As Fig. 6 may suggest, the Pearson’s correla-
tion coefficient could appear as a good indicator to differentiate
aneurysmal and control tissues. When an exhaustive analysis is
performed along the whole tissue dataset, the fitting of aneurys-
mal samples seems to produce bigger errors due to the presence
of more irregularities and anatomical changes on its media
layer. To assess this point, Fig. 9 displays the ROC curves of
each coefficient of the exponential fitting, showing that the
exponential coefficient μt and the fitting error R2 provide equiv-
alent results in terms of tissue differentiationm but not good
enough for automatic diagnosis.
Although some 1-D extracted features provide interesting
information and reflect optical characteristics of the diagnosis
of the sample, they are not powerful enough for automatic
diagnosis. Most of the anatomical changes that define the
risk of aneurysm have a spatial behavior along and across
the artery axis. A spatial 2-D analysis, considering both direc-
tions of change in the reflectivity, is then considered to explore
dependencies between adjacent A-scans.
3.2 2-D Textural Analysis
Visual inspection of the OCT-measured images already suggests
that there exists a textural difference between healthy and aneu-
rysm specimens in the media layer of the aortic wall. This
texture difference also appears on the stained histopathology
images, so it can be described as part of the anatomical pathol-
ogy of the aorta. To be properly focused on the media layer of
the vessel wall, an automatic safety margin of 20 pixels (87 μm)
under the air–intima interface is defined to segment the intima
layer according to the histopathological measurement of its
thickness.
GLCM characterizes this texture and it will determine new
features from the OCT images that allow fast and automatic
identification of the aneurysmal samples. GLCM computation
requires defining a window size, an orientation θ, and a distance
of occurrence d. The first step is to obtain the optimum value of
these three parameters. The histological study of the aneurysmal
aortic wall has revealed that abnormalities in the media layer
are not uniform. The size of the abnormality depends on
the degradation of the wall, and its shape can become highly
irregular. As observed in Fig. 1, the histological analysis
shows that anomalies with dimensions ∼200 to 350 microns
can be found on aneurysmal specimens with an aortic wall
score of 12. These dimensions are proportional to the aortic
wall score. The uncertain shape, orientation, and size of the
lesions make the square window appropriate for the textural
analysis as rectangular windows miss the bidimensional infor-
mation of the abnormality. Different window sizes, from 10
Fig. 6 A-scan section corresponding to the media layer of the aorta wall: aorta from an aneurysmal aorta (a) and from a healthy aorta (b).
Fig. 7 Fitting of a control sample decay according to the model applied
[(Eq. (3)]. Attenuation coefficients measured (μt) in the case of healthy
samples vary from 17.6 to 24.4 mm−1.
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to 150 pixels (43 to 650 μm), have been probed. The orientation
θ can also be important as the risk of aneurysm correlates
with disorders on the SMC of the media layer and the layer-
based aortic wall anatomy has a clear horizontal alignment.
Both 0- and 90-deg orientations have been computed for differ-
ent neighbor distances d between 2 and 10 adjacent pixels
(separations between 8 and 43 μm). Figure 10 shows the
performance for each parameter combination (window size,
orientation, and pixel distance) in terms of AUC. The window
size is the parameter with the highest influence on the classifi-
cation, while the distance and the angle of occurrence generate
small variations in the AUC. The best AUC value, 0.9, was
achieved for a square side of 110 pixels (∼467 μm) and
a co-occurrence distance of 2 pixels (∼8 μm). Figure 11
shows examples of the 467 × 467 μm2 regions of OCT raw
data selected for the textural analysis. As expected, the correla-
tion is higher in control aortas (upper row), whereas aneurysmal
specimens (lower row) behave more irregularly due to the
morphological changes in the media layer.
Box plots for different GLCM properties (energy, homo-
geneity, etc.) have been obtained for the previous parameter
combination. Results displayed in Fig. 12 show that correla-
tion and homogeneity again become the best GLCM matrix
indicators for diagnosis purposes. After this initial approach,
the ROC curves of correlation and homogeneity are computed.
Figure 13 displays the ROC curves for both metrics.
Correlation becomes the best indicator for aneurysm diagnosis,
Fig. 8 Box plots of the classification power of the exponential fitting coefficients: (a) amplitude A, (b) attenuation coefficient μt (mm−1), (c) fitting error.
Fig. 9 Detection performance of the fitting parameters of the exponen-
tial law. The classification capability is equivalent for the attenuation
coefficient μt (mm−1) and for the fitting error parameter R2.
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reaching a sensitivity of 0.9065 and specificity of 0.8636
when a threshold of 0.6193 is selected for the evaluation of
healthy and aneurysmal aortas. Finally, Fig. 14 shows the
relationship between the texture of the OCT image and
the histological aortic wall score. The texture of the OCT
measurements of specimens with low grading scores exhibits
a higher value of the correlation feature at 90 deg in the
backscattered signal. On the other hand, the correlation is
lower in aneurysmal samples as discussed. Good agreement
between the optical and histological hallmarks can be
observed. Texture correlation features >0.6 agree with histo-
logical grading scores <2. The OCT technique then appears
as a very promising alternative for intraoperative assessment
of the degradation of aortic wall.
Fig. 10 Co-occurrence homogeneity and correlation features computed for 0 and 90 deg orientations as a function of the window size and the distance
between pixels D.
Fig. 11 Windows of backscattered signal, with dimension of 110 × 110 pixels (467 × 467 μm2) selected for the textural analysis. The signal is more
uniform in control aortas (upper row), whereas aneurysmal specimens (lower row) behave more irregularly due to the morphological changes on the
media layer.
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4 Conclusions
OCT technology is proposed as a high-resolution tomography
strategy to study aortic layers looking for morphological
changes related to aneurysms. OCT technology is a real-time
alternative to traditional histopathology, where no stain or
micro cuts are needed in addition. The use of OCT allows
a significantly faster analysis with similar accuracy of wall
degradation identification, allowing the intraoperative diagnos-
tic to be less problematic. Aortic walls have been characterized
with an OCT system at 1325 nm to provide aortic wall degra-
dation assessment to the cardiovascular surgeon. As a first
step, ex vivo specimens, harvested during aneurysm surgical
interventions and from control donors, have been measured
and compared. Two different approaches have been followed
Fig. 12 Box plots of textural features of computed co-occurrence matrix for a distance of 8.5 μm and a window size of 467 × 467 μm2.
Fig. 13 Receiver operating characteristic curves for each textural
feature.
Fig. 14 Relationship between the texture correlation feature and the
histological grading score: healthy specimen (squares) and aneurysmal
specimens (circles). Numbers track each specimen of the analysis.
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for the diagnosis of the sample. On one hand, a 1-D evaluation
based on the exponential fitting of the decay of the backscatter-
ing signal along the penetration depth that has not contributed
notoriously to the diagnosis performance is proposed. On the
other hand, a 2-D textural analysis based on GLCM computa-
tion is proposed. As the aorta artery is a strongly layered vessel
with a clear organized structure, differences on the spatial dis-
tribution of the backscattering intensity can be correlated with
layers’ inhomogeneity. The correlation feature of the GLCM
attains a pair sensitivity:specificity of 0.906:0.864 when the
aortic wall is diagnosed as aneurysmal on an ROC curve.
Textural results also agree with a semiquantitative histological
criterion employed to grade the aortic wall alterations.
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